The chemokine, CXCL12, and its receptor, CXCR4, have recently been shown to play an important role in metastasis of several kinds of carcinoma. It has also been demonstrated that VEGF regulates both the expression of CXCR4 and invasiveness in breast cancer cell lines. We compared the immunohistochemical expression of CXCR4 and VEGF between the primary site and a concordant pulmonary metastatic site in 30 osteosarcoma patients, all of which had undergone thoracotomy. Microvessel density (MVD) as shown by immunostaining of CD34 and proliferative activity with MIB-1 monoclonal antibody was also evaluated. CXCR4 expression (primary, 33.3% positive vs metastatic, 66.6% positive; P ¼ 0.0097) and MVD (primary, 29.8676 ; P ¼ 0.0015) in the metastatic site were both significantly increased compared with those in the primary site, whereas no difference between primary and metastatic sites was observed with regard to VEGF expression. There was a significant positive correlation between immunohistochemical CXCR4 and VEGF expression (P ¼ 0.0269). In total population, the MIB-1-labeling index (LI) was significantly higher in tumors, which showed immunoreactivity for VEGF (MIB-1-LI in VEGF-positive tumors, 24.2975.4 vs VEGF-negative tumors, 18.3374.16; P ¼ 0.034). Furthermore, those patients with VEGFpositive primary tumors had a significantly worse prognosis compared with the patients with VEGF-negative primary tumors (P ¼ 0.0053). Our results suggested that CXCR4 expression was associated with metastatic progression, and immunohistochemical VEGF expression in the primary site had predictive value for the osteosarcoma patients, who developed lung metastasis. It has been demonstrated that certain chemokines can serve as tissue-specific attractant molecules for tumor cells, promoting tumor cell migration to particular sites in vivo. Among chemokines and their receptors, the stromal cell-derived factor-1 (SDF-1/CXCL12)/CXCR4 system has been demonstrated to be involved in the lymph node metastasis or distant metastasis of several types of cancer. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Osteosarcoma is the most frequent primary bone tumor in young adults and adolescents. Despite recent advances in multimodality treatments consisting of adjuvant chemotherapy and surgical-wide resection, pulmonary metastasis occurs in approximately 40-50% of the patients. 13 In such cases, the overall 5-year survival rate is only 28%, despite the multidisciplinary therapy.
It has been demonstrated that certain chemokines can serve as tissue-specific attractant molecules for tumor cells, promoting tumor cell migration to particular sites in vivo. Among chemokines and their receptors, the stromal cell-derived factor-1 (SDF-1/CXCL12)/CXCR4 system has been demonstrated to be involved in the lymph node metastasis or distant metastasis of several types of cancer. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Osteosarcoma is the most frequent primary bone tumor in young adults and adolescents. Despite recent advances in multimodality treatments consisting of adjuvant chemotherapy and surgical-wide resection, pulmonary metastasis occurs in approximately 40-50% of the patients. 13 In such cases, the overall 5-year survival rate is only 28%, despite the multidisciplinary therapy.
14 Involvement of the CXCR4/SDF-1 pathway in the metastatic process in the lung has also been demonstrated in osteosarcoma cell lines. 15 Immunohistochemical VEGF expression in the untreated primary site has been reported to be correlated with pulmonary metastasis and microvessel density (MVD) in osteosarcoma. 16 Wang et al 17 showed poor prognosis in a group of patients with high MVD tumors, whereas Kreuter et al 18 demonstrated that high MVD in the primary tumor was correlated with a good response to chemotherapy and a favorable prognosis in a group of systematically treated osteosarcoma patients. Although several authors have investigated the correlation between VEGF expression in the primary site and the development of metastasis in osteosarcoma, 16, 19, 20 no studies have compared VEGF expression and MVD between primary and metastatic sites. Moreover, the expression of CXCR4 is unclear in clinical samples of malignant mesenchymal tumors as well as in osteosarcoma.
To elucidate the role of both VEGF expression and the CXCR4/SDF-1 pathway, we examined immunohistochemical VEGF and CXCR4 expression and MVD in both primary and pulmonary metastatic sites.
Materials and methods

Patients
In all, 30 patients underwent thoracotomy for pulmonary metastases of intramedullary conventional osteosarcoma at Kyushu University Hospital and the Kyushu National Medical Center, between 1974 and 2004. nm23 and c-MET expression in 24 out of the 30 patients has been published previously. 21 
Immunohistochemistry
Immunohistochemistry was performed on formalinfixed tissue with or without decalcification taken from both the primary site and the concordant pulmonary metastatic site in each case. As for the primary site, one untreated open biopsy specimen from each case was used for immunohistochemical study. The cases with only needle biopsy in the primary site were excluded in this study because of its rather small amount of tumor. Concerning metastatic tumors, one representative section was selected in each case. Sections were cut at 4 mm thickness from paraffin-embedded material and then dewaxed with xylene and rehydrated through a graded series of ethanol. After inhibition of endogenous peroxidase, sections were exposed to the primary antibodies at 41C overnight, followed by staining with a streptavidin-biotin-peroxidase kit (Nichirei, Tokyo, Japan). The sections were then finally reacted in 3,3 0 -diaminobenzidine, counterstained with hematoxylin and mounted. The following antibodies were used as the primary antibody: anti-CXCR4 (12G5, monoclonal, 1:100 (BD PharMingen, San Diego, CA, USA)), anti-VEGF (A-20, polyclonal 1:500 (Santa Cruz Biotechnology, Santa Cruz, CA, USA)), anti-CD34 (QBEnd/10, monoclonal 1:50 (Novocastra Laboratories, Newcastle, UK)) and anti-Ki-67 (MIB-1, monoclonal 1:100 (DAKO, Grostrup, Denmark)). For staining with all the antibodies, sections were pretreated with microwave irradiation in citrate buffer for the purpose of antigen retrieval. Sections from breast carcinoma specimens, which had resulted in lymph node metastasis was used as a positive control for CXCR4. The utility of all antibodies after decalcification was confirmed, using decalcified breast carcinoma specimen.
Evaluation
A consensus judgment was adopted as to the proper immunohistochemical score of the tumors based on the strength of CXCR4 and VEGF expression: 0 ¼ negative; 1 þ ¼ weak staining; 2 þ ¼ moderate staining; and 3 þ ¼ strong staining. The distribution of positive cells was also recorded to impart the diffuse or focal nature of the positive cells: sporadic (positive cells o10%); focal (Z11% but less than 50%); and diffuse (positive cells Z50%). The immunohistochemical scores of 2 þ and 3 þ with focal to diffuse distributions were considered to be positive for CXCR4 and VEGF antibodies. Two independent pathologists (YO and HY), who were not aware of the clinical characteristics of the patients, judged the immunoreactivity.
The degree of angiogenesis was determined by the number of microvessels in defined areas of the untreated biopsy specimen and concordant pulmonary metastatic specimen according to a slightly modified version of the method of Kaya et al. 16 Two independent pathologists also estimated the microvessel count using microscopy. The number of CD34-positive vessels was counted in four selected hot spots in a Â 400 field (0.26 mm 2 field area). The mean value of the two independent readings of the same specimen was calculated, and MVD was defined as the mean count of microvessels per 0.26 mm 2 field area. The MIB-1-labeling index (LI) was estimated by counting the number of positive cells per 1000 tumor cells.
Statistical Analysis
Fisher's exact test was used to evaluate the association between two dichotomous variables. The difference in the MIB-1-LI or MVD between two groups was estimated by an unpooled t-test. The outcomes of different groups of patients were compared by the log-rank test. A P-value of less than 0.05 was considered statistically significant.
Results
Patient Characteristics
Their clinicopathological characteristics are summarized in Table 1 . The patients comprised 18 males CXCR4 and VEGF expression in osteosarcoma Y Oda et al and 12 females, ranging in age from 7 to 69 years (median, 15.0 years). The anatomic distribution of the primary site was as follows: 15 in the distal femur, five in the proximal tibia, four in the femoral shaft, three in the proximal humerus and one each in the proximal femur, proximal fibula and iliac wing. Follow-up ranged from 9 to 145 months (median, 38.5 months). The primary lesions were treated with either amputation or limb salvage procedure in 29 extremity cases, whereas wide resection was performed in the iliac wing cases. Before the surgical procedure, preoperative chemotherapy was carried out in all cases. Lung metastases occurred from 2 to 72 months after the surgical procedure. Seven patients survived without disease for a period ranging from 39 to 145 months. A total of 23 patients either died of disease or currently remain alive with disease for a period ranging from 9 to 74 months. Histologically, the osteosarcoma lesions in the primary site comprised 25 osteoblastic type, two chondroblastic type, one malignant fibrous histiocytoma-like type, one small cell type and one fibroblastic type. According to the three-tiered grading system, 22 all the lesions were classified as grade 3.
CXCR4 and VEGF Immunostaining
Immunohistochemical results of the distribution of cases in strength and positivity for CXCR4 and VEGF are summarized in Table 2 and 3. The expression of VEGF protein was seen in the cytoplasm of tumor cells and endothelium, whereas CXCR4 expression was recognized also in the nucleus as well as cytoplasm of tumor cells. In 10 out of 30 cases (33.3%), the primary tumor cells were positive for CXCR4, whereas in 20 cases (66.6%), the metastatic site showed positive immunoreactivity (Table 3 and Figure 1a -d). CXCR4 expression was significantly increased in the metastatic site, compared with the primary site (Table 2 and 3: P ¼ 0.0321 in strength, P ¼ 0.0097 in positivity). VEGF expression was observed in 19 out of 30 (63.3%) primary tumors, whereas 21 out of 30 cases (70%) showed positive reaction for VEGF in the metastatic sites (Table 2 and Figure 1e and f). There was no significant difference between primary and metastatic sites regarding the expression of VEGF. In the evaluation of both primary and metastatic sites together, of the 30 tumors, in which CXCR4 expression was recognized, 24 tumors (80%) showed positive immunoreaction for VEGF, Figure 1g and h). There was no significant correlation between MVD and CXCR4 or VEGF expression. No correlation was detected between MVD and histologic type or duration until lung metastasis.
MIB-1-LI
MIB-1-LI ranged from 7.1 to 51.2 (22.375.18; Table 2 ). MIB-1 LI of VEGF-positive tumor in primary or metastatic site was higher, compared with negative tumors, although it did not show statistical significance (Table 4) . However, in total population, MIB-1-LI of VEGF-positive tumors was significantly higher than that of VEGF-negative tumors (positive, 24.2975.4; negative, 18.3374.16; P ¼ 0.0346; Table 4 ). There was no correlation between MIB-1-LI and CXCR4 expression, MVD, histologic type or duration until lung metastasis.
Survival Analysis
Patients with VEGF-positive tumors in the primary sites had a significantly shorter survival than those 
Discussion
In this study, we compared CXCR4 expression between the primary site and the metastatic site in osteosarcoma and found that its expression is increased in the metastatic site. Mü ller et al 1 showed that the chemokine receptor, CXCR4, is highly expressed in breast cancer tissue compared with normal mammary tissue and that its ligand CXCL12/SDF-1 is expressed in a variety of tissues including bone marrow, lymph nodes and the lung, sites to which breast cancer cells preferentially metastasize. Following their investigation, CXCR4 involvement in metastasis has been suggested in a variety of tumors and its expression in the primary site has been clinically correlated with poor survival or tumor progression in ovarian carcinoma, 2 neuroblastoma, 8 head and neck squamous cell carcinoma, 10 colorectal carcinoma 11 and urinary bladder cancer. 12 However, no investigators have compared CXCR4 expression in the primary site with that in the concordant metastatic site, using a rather large series of clinical samples. Moreover, no studies have evaluated CXCR4 expression in human sarcoma. The current study was the first investigation to compare the expression of CXCR4 between primary and metastatic site in human malignancy and elucidated the involvement of CXCR4 expression in the metastatic process in osteosarcoma, one of the common sarcomas. However, the predictive value of CXCR4 expression for the patients' survival was not evident in osteosarcoma, in contrast with previously reported other human malignancies.
Perissinotto et al 15 proved CXCR4/SDF-1 axis involvement in the metastatic process of osteosarcoma cells within a mouse model. Our immunohistochemical results and the experimental results of Perissinotto et al 15 would seem to suggest that CXCR4 expression has an important role to play in the metastatic process in osteosarcoma. This study assessed only those cases where the patients developed lung metastasis. Therefore, the prognostic value of CXCR4 expression in the primary site of osteosarcoma needs to be elucidated, through analysis of a systematically treated large series of osteosarcoma.
Bachelder et al 23 demonstrated that VEGF regulates CXCR4 expression in breast carcinoma cells. Moreover, they showed that CXCR4 mediates the migration of breast carcinoma cells toward to SDF-1, and that this migration is dependent on autocrine VEGF. In the current study, a significant correlation was found between VEGF and CXCR4 expression in the clinical samples of osteosarcoma.
VEGF has been identified as both a mitogen for endothelial cells in vitro and an angiogenesispromoting factor in vivo. 24, 25 Several studies have found a correlation between angiogenesis measured as MVD and distant metastasis or prognosis in malignant tumors. In osteosarcoma, some authors have investigated the correlation between MVD in the primary site and prognosis; 17, 18 however, their In the current study, MVD in the metastatic site was significantly higher than that in primary site. Some authors have shown a significant relationship between VEGF expression and MVD in osteosarcoma; 16, 19 however, no such correlation was observed in the current study. All the patients in our study had developed lung metastasis, whereas other studies included both patients with metastatic tumors and those with nonmetastatic tumors. 16, 19 Osteosarcoma with lung metastasis has been reported to show a higher expression of VEGF. 16 This discrepancy between VEGF expression and MVD in our study may be owing to the inclusion of the patients with primary tumors with an initially higher VEGF expression, compared with patients included in other studies.
Kaya et al 16 reported that VEGF expression in the untreated primary site of osteosarcoma is predictive for pulmonary metastasis and poor prognosis. Moreover, Lee et al 19 demonstrated that the patients whose tumors showed the expression of VEGF165 had a worse prognosis than those without VEGF165 expression. The current study also revealed that VEGF expression in the primary site was an adverse prognostic factor in osteosarcoma, although all of the patients included in our study had in fact already developed lung metastasis. Moreover, VEFG-positive tumors showed a significantly higher MIB-1-LI, compared with VEGF-negative tumors. Considering our results and the results of previously reported studies, 16, 19 VEGF expression may be one of the important molecules, which define biological behavior in osteosarcoma.
In conclusion, our results suggest that CXCR4 expression was involved in the metastatic process in osteosarcoma and that VEGF expression has an important role to play in biological aggressiveness in metastatic osteosarcoma. There is also the possibility that CXCR4 and VEGF antagonists may actually prevent distant metastasis and tumor progression in cases of osteosarcoma. CXCR4 and VEGF expression in osteosarcoma Y Oda et al
